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The genus Yersinia includes three species that are 
pathogenic for rodents and humans. Yersinia pestis, the 
agent of black death, is generally inoculated by a flea 
bite. I.: pseudotuberculosis is an agent of mesenteric 
adenitis and septicemia, and Y enterocolitica, the most 
prevalent species in humans, causes gastrointestinal syn- 
dromes, ranging from an acute enteritis to mesenteric 
lymphadenitis. Although these three Yersinia species 
infect their hosts by different routes and cause diseases 
of different severity, they present a common tropism for 
lymphoid tissues and a common capacity to resist the 
non-specific immune response 111. 
The Yersinia Yop (Yersinia outer protein) virulon 
(integrated virulence system) is the archetype of a new 
virulence mechanism, sometimes referred to as ‘type 
111’ secretion. This mechanism allows extracellular 
bacteria which are in close contact with the surface of 
eukaryotic cells to inject virulence proteins into the 
cytosol of these cells in order to disarm them or disrupt 
their communication systems. This kind of mechanism 
is encountered in other animal pathogens, such as 
Salmonella spp., Shigella spp., enteropathogenic Esckerichia 
coli (EPEC) and Pseudoinonas aeruginosa, and also in the 
bacterial plant pathogens that elicit the ‘hypersensitive 
response’ (for review, see [2]). 
The Yop virulon of Yersinia is encoded by a 70-kb 
plasmid called pYV for ‘plasmid involved in Yersinia 
virulence’. It consists basically of a dozen secreted 
proteins, called Yop proteins, and their ‘contact’-or 
‘type 111’-secretion apparatus, called Ysc. The Yop 
proteins form two distinct groups. The first group 
includes YopE, YopH, YopM, YopO, YopP and YopT, 
which are intracellular effectors, while the second 
one, including at least YopB, YopD and low calcium 
response virulence gene (LcrV), forms the translocation 
apparatus that is deployed at the bacterial surface to 
deliver the effectors into the target cell. The assembly 
of this translocation machinery is triggered by the 
contact between the bacterium and eukaryotic cell and 
controlled by proteins of the virulon, including YopN. 
Our present knowledge of the Yersinia system leads to 
the model presented in Figure 1 and described in this 
short paper. 
At 37”C, the host body temperature, the system is 
switched on. In these conditions, transcription of the 
yop genes is activated by VirF, a transcriptional activator 
of the AraC family [3,4]. The Ysc secretion machinery 
is synthesized and assembled in the bacterial mem- 
branes. It contains a putative ATPase, called YscN, 
which is probably the energizer of the system 151, and 
a set of integral membrane proteins. Among these, the 
YscC protein, an outer-membrane protein, forms a 
multimeric complex with a ring-shaped structure with 
an external diameter of about 200 A and an apparent 
central pore of about 50 A. This structure allows the 
passage of the Yop proteins across the external mem- 
brane of the bacterium [6]. Secretion of Yop proteins 
also requires some individual cytosolic chaperones, 
named Syc for ‘specific Yop chaperone’. These small 
acidic proteins bind to their cognate Yop proteins to 
prevent premature associations, to limit their toxicity 
and also to pilot them to the secretion machinery 171. 
Secretion of Yop proteins does not involve the cleavage 
of an N-terminal signal sequence, as is usually observed 
for secretion in bacteria. The secretion signal is never- 
theless located in the N-terminal part of the Yop [8]. 
Recently, it has been suggested that the signal could be 
in the 5’ mRNA rather than in the N-terminus, but 
more information is needed to characterize this signal 
191. The actual model for secretion of Yop proteins is 
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Figure 1 YersiMia facing a eukaryotic cell. At 37°C in a rich environment, the Ysc secretion machinery is assembled in the 
bacterial membranes and Yop proteins are synthesized. Some of them are covered by their specific Syc chaperones. Upon 
contact with a eukaryotic cell, the YopN-TyeA-LcrG plug is removed, opening the secretion channel. The YopB trans- 
locator is inserted in the eukaryotic cell membrane with the help of YopD and LcrV The various Yop effectors are then 
translocated across the plasma membrane in order to disarm the eukaryotic cell. 
as follows: upon contact with a eukaryotic cell, the 
YscC channel opens, the translocation apparatus is 
deployed, effector Yop proteins are delivered and 
transcription of the yop genes is upregulated. 
YopE was the first Yop to be shown to be trans- 
located, and this was demonstrated by two different 
approaches: confocal microscopy [lo] and the Yop-Cya 
strategy. The latter method consists ofmaking a hybrid 
between a Yop and the calmodulin-activated adenylate 
cyclase domain of the Bordetella pertussis cyclolysin. The 
Yop-Cya hybrid protein produces CAMP when it is 
introduced into the cytoplasm of the eukaryotic cell, 
but not in the bacterium, because of the absence of 
calrnodulin [I 11. When a monolayer of eukaryotic cells 
was infected by a strain of Y enterocolitica producing 
the hybrid YopE13o-Cya, there was a clear increase in 
CAMP in the cell culture, indicating that the hybrid 
enzyme had reached the cytosol of eukaryotic cells. 
Later, five other proteins were shown to be translocated 
across the eukaryotic membrane: YopH, YopO, YopM, 
YopP and YopT [12-161. This phenomenon requires 
living and adherent bacteria, since a I ~ A  mutant, 
affected in the production of a strong adhesin, does not 
translocate Yop proteins 11 1,16,17]. Other Yop proteins, 
including YopB and YopD, are required for the trans- 
location process. They have hydrophobic domains, 
suggesting that they could interact with membranes. 
Interestingly, YopB presents some homology with 
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proteins of the RTX family of a-hemolysins and 
leukotoxins, bacterial proteins known to make pores in 
eukaryotic cell membranes [18]. YopB has contact 
hemolytic activity and it probably forms some kind of 
pore [19]. It is not yet known whether YopD is also a 
part of this pore. This mechanism is reminiscent of the 
action of perforin from the cytotoxic T-lymphocytes. 
Other proteins of the virulon probably assist YopB and 
YopD in the translocation process. LcrV, which is also 
a secreted protein, is essential for the secretion of YopD 
and YopB, and it interacts with both proteins [20]. 
Translocation of Yop proteins is an oriented pheno- 
menon, in the sense that Yop proteins are essentially 
delivered into eukaryotic cells and not into the culture 
medium [10,12,16]. At present, three proteins appear 
to be involved in the control of this ‘contact-oriented’ 
mechanism: YopN, TyeA and LcrG. Mutants that do 
not produce one of these proteins are deregulated for 
Yop secretion in the sense that they secrete Yop proteins 
even in the absence of contact with a eukaryotic cell 
[15,21-231. These proteins are believed to associate to 
form a plug which prevents secretion/translocation of 
Yop patients in the absence of contact between bacteria 
and eukaryotic cells. 
Once Yop proteins are within the cytosol of 
eukaryotic cells. they induce various processes which 
are disturbing to these target cells. YopE and YopT 
induce depolymerization of actin microfdaments by a 
mechanism which is still unknown [14,17]. YopH is a 
protein tyrosine phosphatase resembling eukaryotic 
protein tyrosine phosphatases [24]. The targets ofYopH 
were identified in HeLa cells as ~130‘~’ and FAK (focal 
adhesion kinase) [25]. Both proteins are involved in 
the integrin-mediated signaling cascade leading to the 
adhesion of phagocytes to endothelia or extracellular 
matrix proteins during an inflammation process. 
YopO presents some similarity with the COT (Cancer 
Osaka Thyroid) oncogene product, a cytosolic serine/ 
threonine protein kinase [26]. Unlike YopE and YopH, 
which are located in the cytosol of the eukaryotic cell, 
YopO is targeted to the inner surface of the plasma 
membrane [13]. Until now, the targets of YopO have 
not been identified. YopP was recently shown to induce 
apoptosis of murine macrophages in culture [27-291. 
This Yop also inhibits the release of TNF-a,  a pro- 
inflammatory cytokine playing an important role in the 
development of the immune and inflammatory responses 
to infection [30,31]. The intracellular role of YopM is 
still unknown. 
The Yop virulon is thus a sophisticated system 
leading to the death of the host cell. An understanding 
of this system could lead to several medical applications. 
For instance, the Yop virulon could be a target for 
‘ antipathogenicity drugs’. One  could also imagine 
using a Yersinia clone devoid of all the Yop effectors to 
deliver proteins into eukaryotic cells. For example, the 
Yersinia genus could provide an elegant vector for 
delivering various antigens, such as tumor antigens, to 
induce cytolytic T-lymphocyte responses. This applica- 
tion is close to realization in the laboratory. 
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